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ABSTRACT
/ éT7 0b /@\

This report presents the results of a specialized cost study
upon which the decisions affecting design responsibilities of the
LO-DP23 office concerning the conversion, compression, transmission,
and high-pressure storage portions of the pneumatic system for
Launch Complex 39 can be based.

The report covers cost responsibilities of the LO-DP23 office
concerning pneumatic systems for conversion, transmission, and
storage of gases at various pressures from 6000 psig to 10,000
psig. The report shows that the optimum conditions of design
occur at 12,000, 10,000, and 7,400 psig, depending on the selection
of materials used for the cross-country pipe. These optimum
pressures are for systems with cross-country pipe materials of
AISI 4320 steel with stainless liner, A106 Gr. C steel pipe with
stainless liner, and type 316 stainless steel, respectively.

These were the only pipe materials considered.
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DEFINITION OF TERMS

Converter: Mechanical pumping and vaporizing equipment used to
convert liquid nitrogen to high-pressure gaseous nitrogen.

Compressor and Converter Interconnecting Piping; :Includes all
low-pressure type 316 stainless steel induction piping from the
liquid nitrogen and gaseous helium storage to the converters and
compressors; and the type 316 stainless steel high-pressure
discharge piping from the converters and the compressors to the
cross-country transmission piping.

Cross-country Transmission Piping: Piping used to transport
high-pressure gaseous nitrogen and helium from the converter-
compressor facility to the high-pressure battery storage facilities
at the launch pads and the Vertical Assembly building.

Design Pressure: The system working pressure of the storage
battery vessels.

Residual Storage Pressure: The lowest pressure of the storage
battery vessels during a launch operation.

Operating Pressure: Any storage battery vessel pressure between
design and residual pressure.

Water Volume Storage: The fixed vessel volume in cubic feet.

Unit Vessel Costs: The cost per cubic foot water volume of
fabricated storage vessel.

Battery Interconnecting Piping and Manifolding: Includes all
high-pressure piping from the cross-country transmission pipe
systems interface to the storage battery vessels, the interconnect-
ing piping and manifolding of the high-pressure gaseous nitrogen
storage vessels and the high-pressure gaseous helium vessels, and
the discharge piping from the nitrogen and helium storage vessels
to the' ground level interface at the Launcher Umbilical Transporter.

Primary Pressure Regulation System: The primary pressure
regulation system, as it now exists, is connected between the high
pressure gaseous helium and nitrogen ground interface at the LUT
and the control panels on.the LUT.
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INTRODUCTION

The factors to be considered in the design of the pneumatic
system for Launch Complex 39 are: availability of operating equip-
ment, selection of materials, reliability, and the costs involved.
Within the limits of operating possibilities, selection of available
materials, available operating equipment, and other design varia-
tions, there are numerous possible designs. To establish a basis
for sound economical design, within the assigned responsibility of
LO-DP23, the various costs involved within the allowable limits of
design were considered and the results tabulated for comparison.
The primary pressure regulation of the pneumatic system has become
the responsibility of LO-DP23.as a result of group meetings between
LO-DP23 and LO-DE23 held during the preparation of this report.

The system was categorized as follows:
a. Converters and compressors
b. Converter/compressor interconnecting piping
c. Cross-country transmission piping
d. Battery storage vessels
e. Battery interconnecting piping
f. Primary pressure regulation

The pneumatic system consists of two separate gas handling
systems: one for nitrogen, and one for helium.. The nitrogen gas
system requires pumps and vaporizers to convert liquid nitrogen to
high-pressure gaseous nitrogen. The helium gas system requires
the use of mechanical compression equipment to raise the pressure
of gaseous helium from tube tank cars to the battery storage
pressure,

In this report the variables of the above systems are con-
sidered separately at six incremental pressure steps. The resulting
cost variations of each part of the system are charted. To estab-
lish overall costs, the costs of the individual parts of the system
are combined,



The technical requirements of design and cost of electrical

sub-station and power distribution, buildings and superstructures,
concrete foundations -and supports,. specialized instrumentation,

and the associated pneumatic systems operating at less than 6,000
psig are not considered in this report.

The costs are based on LO-DP23 estimates, manufacturers'
surveys, and system cost comparisons. These estimates yield a high
degree of accuracy for reviewing design decisions of cost
differences specific to LO-DP23 responsibilities. The data furnished
relate costs to specific specialized mechanical responsibilities
of the LO-DP23 office and are intended to be informative for LO-DP23
review and review by others interested in this specialized design
area.




DESCRIPTION

1. Converters and Compressors. The nitrogen converters are
obtainable commercially as standard, complete, self-contained units
capable of delivering 1,100 standard cubic feet per minute at 6,000
psig. The helium compressors are also standard, complete, self-
contained commercial units that are capable of delivering 150
standard cubic feet per minute of helium at 6,000 psig. Both units
will deliver - gas from 6,000 to 10,000 psig. The efficiency of
these units decreases as the discharge pressure requirements
increases. The design flow rate of these units, as mentionéd, in a
minimum value considered constant within the discharge pressure
range from 6,000 .to 10,000 psig for design purposes. No allowance
is provided for changes in capacity resulting from changes in
efficiencies.

In each sub-system, the converters and compressors perform
two functions: they furnish the initial pressurization of the
storage battery vessels, and they replenish the vessels during
operation to maintain operating pressure during peak demands. In
this report, the replenish rate determines the number of converters
and compressors. The replenish rate requirement in standard cubic
feet per minute is independent of pressure and is constant regard-
less of the pneumatic system design pressure. Therefore, the same
basic number of compressor units and converter units are required
regardless of the system design pressure.

Based on the replenish rate required, four operating helium
compressors and one spare totalling $140,000, and five operating
liquid nitrogen converters and one spare totalling $400,000 are
required. The total cost is $540,000. (See figure 1, column 7.)

2. Converter-compressor Facility Interconnecting Piping.
Piping for the. converter-compressor facility consists of low-pressure
type 316 stainless steel induction piping and high-pressure type 316
stainless steel discharge piping. The greater portion of the piping
in this area is low-pressure induction piping. The induction piping
design remains the same regardless of the high-pressure gas system
design pressure. The high-pressure discharge piping designed for
6,000 psig with 4/1 safety factor based on ultimate strength is also
suitable for pressures to 7,500 psig with 3/1 safety factor based on
ultimate strength. Discharge piping designed for 8,000 psig is
also suitable for pressures to 10,000 psig. It is estimated that
the cost increase in the discharge piping system for pressures above
7,500 psig is $12,500. The estimated costs of the converter-
compressor facility piping are shown in figure 1, column 8.




3. Cross-country Transmission Piping. Based on eny}ronmental
conditions, pressures, cleanliness levels, availability, material costs,
installation requirements, and other system requirements, three
materials for the cross-country piping were considered, and their
costs estimated. These materials and assumptions made are:

a. AISTI 4320 steel pipe with stainless liner, 3:1 safety
factor based on ultimate strength of 93,950 psi (2:1 on yield).

b. Al06 Grade C steel pipe with stainless liner, 3.5:1
safety factor based on ultimate strength of 70,000 psi. Al06, Grade
C steel conforms to ASTM Specification A-106-61T. (2:1 on yield).

c. Type 316 stainless steel pipe, 3.5:1 safety factor based
on ultimate strength of 74,900 psi. This piping material conforms to
ASTM Specification A-312-61T (2:1 on yield)

The following additional assumptions were made:

a. The pressure drop in the cross-country piping system will
not exceed 10 percent of the converter-compressor facility
delivery pressure at the most remote part of the system while delivering
the unrestricted full replenish rate.

b. The most remote part of the cross-country piping system,
for pressure drop calculation purposes,is the Pad C storage battery
interface.

¢. One inside diameter requirement. for the piping can be
selected which can meet the capacity requirements as a minimum delivery
guarantee. All design pressures within the range of 6,000 to 10,000
psig will deliver full unrestricted replenish rate or more with 10
percent or less pressure drop within the system.

The determination of inside diameter requirements for the
cross-country lines is presented in chart form. (See figure 2 for
GNo system and figure 4 for GHe system.)

Pipe inside diameter requirements were determined to be 2-1/2
inches for nitrogen piping system and 1 inch for helium piping system,
Based on these sizes, the wall thickness requirements were determined
at various design pressures from 6,000 psi to 10,000 psi. The wall
thicknesses are shown in figures 3 and 5. Using inside diameter and
wall thickness data, unit prices were obtained corresponding to the
various system design pressures. The lengths of pipe and total piping
system costs at specific pressures and with the three materials are
shown in figure 1, columns 12, 13, 14 and 15.
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4. High-Pressure Storage Battery. The Propellant Systems
Branch has made a survey of pressure vessel costs per cubic foot of
water volume as related to vessel design pressure. Results of this
survey are shown in figure 6. Selected unit costs based on the
chart in figure 6 are shown in figure 1, column 3.

A minimum, or residual, pressure of 4,000 psig remains in

the battery after use. This residual pressure is correlated with
design pressure, volumetric storage efficiency, and unit costs in
determining optimum storage battery pressure. (See figure 7).

The effect of design pressure on storage efficiency can be compared
in figure 1, columns 1 and 2. Total vessel costs can be obtained
from the volume requirements and the vessel unit costs. (See figure
1, column 4.)

The costs of the interconnecting battery piping at six
pressures were prepared from suppliers' prices and office estimates.
The results are shown in figure 1, column 6.

5. Overall Costs. The overall costs for Pad A at the six
assumed pressures are shown in figure 1, column 16. These costs are
shown for each of the three materials considered for the cross-
country piping. Overall costs for Pads B and C and the VAB are shown
in figure 1, columns 17, 18 and 19, respectively. The cost for Pad A
includes the converter-compressor facility. Cost of the converter-
compressor facility is not included in the total cost of Pads B, C,
and the VAB pneumatic system, because one converter-compressor facility
supplies all pads and the VAB.

The total system cost for all three pads and the VAB combined
is shown in figure 1, columm 20.

The optimum design pressure in relation to total costs for
each cross-country line material is shown graphically in figure 9.



CONCLUSTIONS

1. The lowest costs for the system result when pneumatic system
design pressures are 12,000 psig, 10,000 psig, and 7,400 psig, using
4320 steel, A-106 steel, and type 316 stainless steel, respectively,
as cross-country pipe line material. (See figure 9).

2. The lowest costs for storage vessels result with a design
storage pressure of 9,700 psig for gaseous nitrogen and 11,500 psig
for gaseous helium. (See figure 7).

3. Costs of the following decrease with increase in design
pressure:

a. Total storage vessel battery (see figure 1, colummn 4).

b. Battery interconnecting piping and manifolding (see
figure 1, column 6).

4. The cost of converter and compressor equipment remains
constant regardless of pressure within the range of 6,000 to 10,000
psig. (See figure 1, column 7).

5. The cost of cross-country pipe lines increases with increases
in design pressure (see figure 1, columns 12, 13, 14 and 15).

6. The volumetric storage efficiency of the storage battery
increases with increases in design pressure, resulting in lowered
battery costs and smaller required storage area at higher pressures
(see figure 1, column 5).




RECOMMENDATIONS

1. It is recommended that the existing high-pressure (7,500 to
10,000 psig) test and evaluation programs be continued so that high-
pressure pneumatic systems can be designed to realize the cost savings
possible at the higher pressures. This program is expected to furnish
the necessary information on pressure regulators, and AIST 4320 steel
for field constructed pipe lines.

2. It is recommended that ASTM A-106-~61T, Grade C steel pipe,
mechanically coupled, with a Series 300 steel liner, be used in the
design of Launch Complex 39 cross-country piping. A system design
pressure of 7,500.psig is recommended to realize cost savings when
the programs of paragraph number one are satisfactorily concluded.
This recommendation is contingent upon scheduling which affects cost.

3. It is recommended that the operating pressure of the LC 39
pneumatic system be 6,000 psig until the test programs are satisfac-
torily concluded.

4., It is recommended that the primary pressure regulation equip-
ment be physically located between the storage battery and the -ground
level interface at. the Launcher/Umbilical Transporter.



APPENDIX

Various manufacturers and governmental agencies which operate
high pressure systems were contacted to determine the existence and
reliability of various operating equipment within the range of 6,000
and 10,000 pounds per square inch. A sampling of the various
organizations contacted are listed below. The number appearing in
parentheses represents the operating pressures in pounds per square
inch gage being used by them in continuous service duty.

1. Hercules Powder Company (15,000) Louisiana, Missouri gaseous
nitrogen and hydrogen service.

2. DuPont de Nemours and Co. (15,000) Belle, West Virginia
gaseous nitrogen and hydrogen service.

3. Mississippi Chemical Company (15,000) Yazoo City, Mississippi
gaseous nitrogen and hydrogen service.

4. W. R. Grace Company (12,500) Memphis, Tennessee gaseous
nitrogen and hydrogen service.

5. Cooperative Farm Chemical Association (12,000) Lawrence,
Kansas gaseous nitrogen and hydrogen service.

6. John Deere (12,000) Pryor, Oklahoma gaseous nitrogen and
hydrogen service.

7. Big Three Welding Company (7,500) Houston, Texas liquid and
gaseous nitrogen.

8. Nitro-Well Incorporated (7,500 and 10,000) liquid and gaseous
nitrogen.

This list is for reference purposes only and does not include all
known systems.

From the above references it has been determined that systems and
component parts of systems are presently being manufactured and used in
comparable systems to the systems represented in this report.

The following technical publications were used as basic referencg
material:

1. "Saturn C-5 Pneumatics Handling Preliminary Criteria" ER13561
dated August 1, 1962, Contract NAS10-33 by Beech Aircraft Corporation,
Boulder Division, P. O. Box 631, Boulder, Colorado.




2. "A compendium of the Properties of Materials at Low Temperature'
(Phase I and II).

WADD Technical Report 60-58 by Aeronautical Systems Division, Air
Force Systems Command, United States Air Force, Wright-Patterson Air
" Force Base, Dhio.

3. "Design Handbook for Liquid and Gaseous Helium Handling
Equipment". ASD Technical Report 61-226 Aeronautical Systems Division,
Air Force Systems Command, United States Air Force, Wright~Patterson
Air Force Base, Ohio.

4. "Physical and Thermodynamics Properties of Helium'" by
Whittaker Controls Division of Telecomputing Corporation 1957.

5. '"Thermodynamic and Transport Properties of Helium', by
W. P. Wilson, Jr. for Electric Boat Division of General Dynamics
Corporation, January 1960.

6. "Thermodynamic Properties of Nitrogen'" Research Bulletin 18
by Institute of Gas Technology, October 1952.

7. "Flow of Fluids through Valves, Fittings and Pipe'" Crane
Technical Paper No. 410, Crane Company, 836 S. Michigan Avenue,
Chicago, Illinois.
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